Objectives: Hepatitis C virus in renal transplant recipients is an independent risk factor for sickness and death. It has been shown that one might limit hepatitis C virus progression in liver transplant recipients with sirolimus-based immunosuppression. The mammalian target of rapamycin is an influential molecule for the anti-hepatitis C virus action of interferon. We report our experience with sirolimus conversion in hepatitis C virus-positive patients with chronic allograft nephropathy regarding hepatic and hematologic effects that might affect its future use. Materials and Methods: Twenty-five patients who had received renal transplants with anti-hepatitis C virus-positive and normal liver function were enrolled. Ten patients had allograft dysfunction because of cyclosporine nephrotoxicity. Sirolimus was initiated at 2 mg/d and adjusted to 6 to 8 ng/mL. Cyclosporine was gradually tapered and then stopped; 15 patients were used as a control group. Sirolimus-related hepatitis was defined as a rise in liver transferases or alkaline phosphatase or bilirubin over twice the upper limit of normal. Viral replication was defined as elevated liver enzymes and increasing viral load and/or biopsy-proven hepatitis C virus active hepatitis. Results: After conversion, there was a reduction of hemoglobin and hematocrit. In 1 patient, the immunosuppressive regimen was changed back to cyclosporine owing to anemia and hepatotoxicity leading to prompt return of hematocrit and liver enzymes to their original values. One of 10 antihepatitis C virus-positive patients (10.0%) developed sirolimus-associated hepatotoxicity, compared with 2 patients in the control group (13%). Sirolimus patients showed a significant decrease in the HCV PCR levels from 700 000 to 400 000 IU/mL; P < .001, compared to 680 000 to 660 000 IU/mL in cyclosporine patients; P = NS, with comparable levels of transaminases Conclusions: Our data suggest that sirolimus has the potential to suppress viral replication in hepatitis C virus-positive renal transplant candidates.
Introduction
The presence of hepatitis C virus (HCV) in renal transplant recipients is an independent risk factor for graft failure and death. It is known that patients with HCV who switch from azathioprine to mycophenolate mofetil experienced an increase in viral load. Despite this, mycophenolate mofetil is used because it prevents rejection more reliably than azathioprine. Sirolimus is an another immunosuppressive agent that reliably prevents rejection and may have antiviral activity. [1] [2] [3] Recently, it has been shown that one may limit hepatitis C virus progression in liver transplant recipients using a sirolimus-base for immunosuppression. The mammalian target of rapamycin is an influential molecule for the anti-HCV action of interferon. 4 On the other hand, chronic allograft nephropathy from using calcineurin inhibitors can lead to graft loss, whereas sirolimus maintains better graft function with lower rates of chronic allograft nephropathy. 5, 6 We report our experiences with sirolimus conversion among HCV-positive patients with chronic 
Materials and Methods
This was an interventional open-label prospective study. Twenty-five renal transplant recipients with anti-HCV-positivity and normal liver function were enrolled. Ten patients had allograft dysfunction caused by cyclosporine nephrotoxicity proved by renal biopsy. Sirolimus was started at 2 mg/day and adjusted to 6 to 8 ng/mL. Cyclosporine was gradually tapered and eventually stopped. Fifteen patients with hepatitis C positivity on cyclosporine immunosuppression were used as a control group. Creatinine clearance, body weight, hematocrit, hemoglobin, and 24-hour urinary protein excretion were calculated for all patients. All hepatitis C virus-positive patients were followed for transaminases, immunosuppressive target levels, and HCV RNA. Hepatitis C virus viremia levels were measured by the Amplicor HCVMonitor Reverse Transcriptase-Polymerase Chain Reaction assay (F. Hoffmann-La Roche Ltd, Basel, Switzerland) on 2 separate occasions before introducing sirolimus, and about 6 months after the last follow-up. The primary outcome measure was hepatitis C viral load 6 months after conversion. Sirolimus-related hepatitis was defined as a rise in liver transferases or alkaline phosphatase or bilirubin over twice the upper limit of normal. Viral replication was defined as elevated liver enzymes and increasing viral load and/or biopsy-proven HCV active hepatitis. Inclusion criteria included renal transplant recipients with anti-HCV-positivity, and a history of thromboembolic disease. All protocols were approved by the ethics committee of the institution before the study began, and the protocols conformed with the ethical guidelines of the 1975 Helsinki Declaration. Written, informed consent was obtained from all patients. Table 1 shows baseline data of all anti-HCV renal transplant patients. Table 2 shows study data from sirolimus patients (n=10) and cyclosporine patients (n=15). After conversion, creatinine clearance rose from a value of 56.67 ± 28.40 mL/min to 58.14 ± 19.96 mL/min, and serum creatinine fell from 180.3 ± 35.3 μmol/L to 159.1 ± .6.2 μmol/L (P > .05). Average time on therapy was 24 weeks. There was a considerable reduction of hemoglobin and hematocrit (100 ± 11.5 g/L before vs 92.5 ± 9.4 g/L after, and 33% ± 3% before vs 25.45% ± 3.6% after conversion [P < .01 and P < .01]). In 1 patient, the immunosuppressive regimen was changed back to cyclosporine because of anemia and hepatotoxicity leading to prompt return of hematocrit and liver enzymes to their original values.
Results
One of 10 anti-HCV-positive patients (10.0%) developed sirolimus-associated hepatotoxicity compared to 2 patients in the control group (13%). There was a slight-to-moderate increase in proteinuria in sirolimus patients after conversion (P < .001) compared with cyclosporine patients (P > .05). Sirolimus patients showed a significant decrease in the HCV polymerase chain reaction levels from 700 000 to 400 000 IU/mL (P < .001), compared with 680 000 to 660 000 IU/mL in cyclosporine patients (P = NS) with comparable levels of transaminases (45 IU/L for aspartate aminotransferase and 50 IU/L for alanine aminotransferase compared with 49 and 56 IU/L in cyclosporine patients) (P = NS). The viral genotype was 4 in all cases.
Discussion
Ten long-term anti-HCV positive renal transplant patients with chronic allograft dysfunction caused by taking calcineurin inhibitors, whose maintenance immunosuppression was based on cyclosporine, were given sirolimus therapy in place of cyclosporine. 5 Hepatitis C virus viremia levels were measured on 2 separate occasions before introducing sirolimus, and 6 months after. Sirolimus therapy was associated with a significant drop in HCV viremia, although there were no significant changes in liver enzymes. Our data suggest that sirolimus can be used in HCV renal transplant patients, especially in those with high viral load whose maintenance immunosuppressive therapy is based on cyclosporine.
Hepatitis C viral-mediated liver injury after renal allograft has been reported to follow a progressive course compared with nonimmunosuppressed patients. 7, 8 Persistently high viral burden after renal transplant may contribute to viral C-associated renal damage. 9 The choice of calcineurin inhibitor does not effect recurrence rates of HCV hepatitis. Unfortunately, steroids are associated with a marked increase in HCV replication and cannot be used to reduce calcineurin inhibitor doses. Mycophenolate mofetil (MMF) increases HCV viral load. A recent increase in the severity of recurrent hepatitis in patients with HCV receiving liver transplants has been attributed to MMF and interleukin-2 receptor blockers. 10 Increased fibrosis of the liver occurs during antiviral anti-HCV treatment in patients taking MMF, but patients on azathioprine develop cirrhosis quicker, possibly because of rejection. 11 Sirolimus, an immunosuppressive drug that inhibits the activation and proliferation of T lymphocytes, is associated with reduction of Epstein-Barr virus (EBV) after transplant in children. 12, 13 Experimentally, it inhibits growth of Epstein-Barr virus B-cell lymphoma. The absence of obvious recurrent HCV hepatitis and the low rates of cytomegalovirus, coupled with the known inhibition of Epstein-Barr virus, gives hope that sirolimus has antiviral properties at immunosuppressive doses.
A large industry-sponsored phase III clinical trial has been underway for several years in which patients have substituted sirolimus for calcineurin inhibitors after liver allograft. 14 The objective of that study is to determine effect of conversion on renal function. No detrimental effect (thrombosis, rejection, or recurrent viral infection) was apparent to the safety board after 2 reviews. 14 Early reports confirm successful liver transplants in patients with human immunodeficiency virus and HCV. 8 Significantly better control of human immunodeficiency virus and HCV replication was found among patients taking sirolimus monotherapy. Sustained, spontaneous disappearance of serum HCV-RNA under immunosuppression after liver transplantation for HCV cirrhosis was seen in 2 liver recipients who spontaneously cleared HCV after switch to sirolimus. 8 In conclusion, sirolimus has been shown to be a potent immunosuppressive agent after renal allograft; however, special concern regarding anemia should be evaluated thoroughly in those patients. Our data suggest that sirolimus has the potential to suppress viral replication in HCV-positive renal transplant candidates. The switch seems safe, with no increase in viral copies. Graft renal function remains stable with increased proteinuria that must be followed. 
